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MGSFlood Version 4.05 - PROBLEM SUMMARY  
 

1. Roadway Widening Problem, Automatic Pond Design with Manual Adjustments  
            Page P2 
MGSFlood basics, selecting precipitation time series, creating watershed layouts, sizing a simple stormwater 
pond with the optimizer using equivalent area method, adjusting outlet structures for minimum sizes. 
 

2. Automatic Pond Design with By-pass.  Compute Peak Flow for Conveyance Design.  
            Page P24 
Setting up downstream POC problem.   Optimizing a structure with bypass.  Performing manual adjustments 
when the optimizer doesn’t converge.  Computing peak flows for conveyance design, exporting hydrograph 
windows. 
 

3. Roadway Widening Problem, Infiltration Pond Design    Page P37 
Introduction to Infiltration design, infiltration performance curves 
 

4. Dual Infiltration Trench Design        Page P47 
Introduction to infiltration trenches, setting up a multiple Link problem, using a 2 trench system to solve for 
detention standard 
 

5. Water Quality Design AND Flow Splitter Design     Page P57 
 

6. Design CAVFS for Water Quality Treatment      Page P63 
Filtration/Infiltration facility water quality treatment design 

 

7. Design Stormwater Pond with Upstream CAVFS; 50% Rule   Page P69 
Equivalent area method and 50% rule to size a pond with upstream CAVFS, Import of structures from a 
separate MGSFlood file, adjustments to outlet structures and pond to conform with minimum size 
requirements 

 
8. Irregular Shape Pond Design        Page P88 

Converting a prismatic pond returned by the optimizer to an irregular shape, copying rating tables from Excel 
to MGSFlood, 

 

9. Pipe Vault Design          Page P93 
Sizing vault with a circular cross section 

 

10. Filter Strip Design Example         Page P101 
Using water quality discharge rate to size a filter strip.  Duplicate the filter strip link using copy/paste functions, 
determining the size of tract needed for a pond, designing a pond with 2 upstream filter strips 

 

11. Import Land Use Data from GIS        Page P119 
Importing a large number of subbasins into MGSFlood using Excel CSV files. 
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Work Session 1 - Roadway Widening Problem, Automatic Pond Design with Manual 
Adjustments 

 
A section of highway near the city of Des Moines is to be improved with an additional lane in each 
direction.    

 
Project Location Map 

The existing configuration consists of one 12-foot lane with a 6-foot shoulder in each direction.  
The area adjacent to the roadway is grass.     
 
 
 
 
 

 

Existing Condition 

The project will add one 12-foot lane in each direction, while maintaining the current shoulder 
widths.  Both lanes will be added on the outside of the existing lanes.   
 
 
 
 
 

Proposed Condition 
 
The project is located on Alderwood soils, which are classified as SCS Hydrologic Group C. 
 
Design a detention pond for this 2,500 foot section of roadway according to the HRM 
Equivalent Area Method.  Use the Automatic Pond Design Feature in MGSFlood to Size the 
Pond. 
 
 
 
 
 
 
       Existing           Proposed 

18ft 18ft 

 

Existing Grass 
1.377 ac 

  Exist impervious 2-lane =2.066 ac 

 
  Total impervious = 3.443 ac 

 

New Impervious 
1.377 ac 

 

30ft 30ft 
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Equivalent Area Representation: 
� Design Pond to control runoff for new lane areas, conversion of 1.377 ac forest to 1.377 ac 

impervious. 
� Direct 1.377 ac of new and existing impervious to the pond.  (Note:  We could also capture 

additional existing impervious surface up to 50% of the new impervious surface per the “50% 
Rule”, but for simplicity, we won’t do that now.  We’ll go through the 50% Rule in Work 
Session 7). 

� A 10,000 sf tract has been allocated for detention.   
 
 
 
 

 

 

 
 

 
Start Program, Save Project File 

1. Start program from Windows Start button 

2. Start-Programs-MGS Software-MGSFlood 

3. Click File Save As, Enter “Des Moines” for Project Title.  Create project folder when prompted. 

Project Location Tab 

4. Enter project name, analysis title, and comments. 

5. Check the Extended Precipitation Timeseries Option Button. 

6. Click the Map button under Climate or refer to the printed copy of the map.  Locate the 
project on the map.  Note the Timeseries Region and the mean annual precipitation for the 
project.  Click the X on the Map window to close it.   

7. Select Climate Region 13 Puget East 40 in MAP from the drop down list box. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Pond Tract (10,000 sf/43,560 = 0.229 ac) 

1.377 ac New and 

Existing Impervious 

1.377 ac =    
60 ft width of 
pavement x 
1000 ft long 
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Scenario Tab  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. Compute Pre- and postdeveloped area.  The pond tract must be represented in both the pre- 
and post-developed land cover. 

Predeveloped: 
Forest: 
Equivalent Area Pavement = (60’)*1000’ = 60,000/43560= 1.377 ac 
 
Grass: 
Pond Tract = 10,000 sf/43560=                        0.229 ac 
 
Total Predevelopment Pervious:                   1.606 ac 
 
 

Postdeveloped: 
 
Developed Impervious: 
Equivalent Area Pavement = (60’)*1000’ = 60000/43560= 1.377 ac 
Pond Tract =10,000 sf/43560=                       0.229 ac 
 
Total Post Development Impervious:            1.606 ac 
 
 

9. Click the Scenario Tab and then the Open Schematic button for the Predeveloped Scenario. 

10. Click and drag a new Subbasin onto the Predeveloped input screen.  Note that the subbasin is 
automatically set to the Point of Compliance (POC) noted by the POC label and the yellow 
color. 
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11.   Right Click the Subbasin to Display the Menu and then Click Edit. 
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12. Enter 1.377 acres of till forest for the predeveloped land use and enter “Predeveloped Target 
Condition” as the subbasin Name.  Click OK to close the Subbasin Land Use input screen. 

 

 
 

13. Click and drag another Subbasin onto the predeveloped input screen.  This subbasin will 
represent the pond tract. 

14. Click and drag a Copy link onto the predeveloped input screen. 

15. Next, we have to connect the Subbasins to the Copy link.  Left click on the subbasin 
“Predeveloped Target Condition” to make it active.  Right click on the subbasin and select Link 
Connection Primary.  A list of available structures to connect to the subbasin will appear in a 
drop down menu.  Select the structure that you want to connect the subbasin to, in this case, 
“New Copy Link 1”.  A line will appear connecting the subbasin to the link.  Repeat this for the 
“Subbasin 2”, connecting it to the “New Copy Link 1”. 

 

 

 

 

 

 

 

 

 

 

  

16. Configure the watershed as shown above.  Make New Copy Link 1 the point of compliance at 
the inflow.      
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17. Right click Subbasin 2 to display the Menu and then click Edit.  Enter 0.229 acres of till grass 
for the predeveloped land use for the pond tract and enter “Pond Tract” as the subbasin name.  
Click OK to close the Subbasin Land Use input screen.  Note that the area guessed for the 
“Pond Tract” does not include outside pond fill slopes for Right of Way decisions.  After 
figuring out the pond surface area, the designer should determine the final pond footprint 
which includes outside pond side slopes for Right of Way decisions. 

 

18. Click the Scenario Tab and then the post developed Scenario Button 

19. Click and drag two new subbasins onto the post developed input screen.  Note that the one 
subbasin is automatically set to the Point of Compliance (POC) noted by the POC label and the 
yellow color. 

20. Drag and drop a new structure to the post developed input screen. 
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21.  Right click Subbasin 1 and Select Edit.   

 

 

22. Enter the 1.377 acres of impervious surface for the post developed land use and enter “Post 
Target” as the subbasin Name.  Click OK to close the Subbasin Land Use input screen. 
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23.   Right click the Subbasin 2 and select Edit. 

 

 

24. Enter 0.229 acres of impervious surface for the post developed land use and enter “Developed 
Pond Tract” as the subbasin Name.  Click OK to close the Subbasin Land Use input screen. 
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25. Connect the subbasins to the structure by right clicking each subbasin and selecting Link 
Connection Primary.  Select the New Structure Link.  Lines will appear connecting each subbasin 
to the link. 

 

 

26.  Next, click the New Structure Link1 to select it and then right click and select Edit. 

Hydraulic Structures input Screens 

27. Click the Optimization Input tab 

28. Enter the following general information about the pond: 

a. Select Detention option for type of pond 

b. Pond side slopes of 3H:1V  

c. Length to width ratio of 3 (typical) 

d. Pond floor elevation of 250 ft. (Note that 250 ft is the elevation of the bottom of live 
storage.  The actual pond bottom elevation during pond construction and grading 
would include the sediment storage, which is typically 0.5 ft deep.  MGSFlood is only 
concerned with the elevation of the bottom of live storage.  If the designer wanted to 
make the pond have a dead storage beneath the live storage, as in a combination 
wet/detention pond, the designer would still only input the elevation of the bottom 
of live storage for the pond floor elevation.) 

e. Low Level Orifice elevation of 250 ft. 

f. Risers crest elevation of 253 ft. 

g. Soil Conductivity:  0 in/hr. 

h. Depth to Water Table:  100 ft 

i. Quick Optimization will typically return an answer relatively quickly but may not 
match all duration criteria.  Full Optimization takes longer, but does a more 
exhaustive search to minimize the pond size. 

j. Make sure Quick Optimization is selected.  We’ll revise the analysis later using the full 
optimization.  Quick optimization is often used for preliminary or planning level 
design.  It solves the pond configuration quickly, but often does not converge to a 
final solution.   
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29. Click OK to close the structure input screen. 

30. Next we must tell the program we want to optimize the pond.  Right click on New Structure 
Link1 to display the menu and select Use Optimizer.  Note the structure icon changes color 
indicating it has been selected for optimization and the POC is at the outflow. 
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Simulate Tab 

31. The Simulation Time Span is set to the full period of record of precipitation.  No changes here. 

32. The program includes 5-minute precipitation time series.  You can select the time step the 
model will use during the simulation.  For detention ponds, use 1-hour time steps. 

33. Compute runoff for the full period of record.   

34. Check the Compute Stats for Compliance Subbasin/Link Only box 

35. Click the Route button to simulate runoff, route flows through the network, and automatically 
size the pond.   

36. A Warning text box will be displayed.  Click Yes.  Clicking Yes will optimize the design which 
will size the orifice riser structure and change the length, width, or height of the structure 
(pond, trench, etc.) being designed.  Clicking No will only route flows through the structure 
with user defined dimensions.  The riser structure size and structure dimensions will not 
change.    

 

 
 
When the simulation is complete, the pond performance will be displayed. 
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Note that the post-developed duration curve is close to the predeveloped but not all of the flow 
duration criteria were met (items listed in red on the screen) because Quick Optimization was 
used.  Quick Optimization is good for planning purposes to get a rough idea of the size of facility 
needed.  If you were performing final design, you would want to use the full optimization option, 
which we’ll do later. 
 
Select flood frequency and click draw to view flood-frequency plots.  This shows how the pond 
outflow peak discharge compares with predeveloped conditions. 

 
 

Next, click the WSEL Frequency button and then click Draw.  The pond water surface elevation-
frequency data will be plotted along with the pond bottom and riser crest elevation.  The pond 
water surface elevation reaches the overflow at about a 100-year recurrence interval. 



MGS Flood – Training Problems Page P-14 

 
 

37.  Click the Post Developed Scenario Window to Select it.  Open the Structure (Pond) Link 
Definition Screen by right clicking on the structure and selecting Edit.  The resulting pond 
geometry and outlets are displayed on the Pond Vault Geometry and Outlet Structure tabs. 

 
 

38.  Now we’ll go back and use the full pond optimization option to determine a final pond 
configuration that meets the flow duration criteria.  Click the Optimization tab, Select Full 
Optimization, then click OK to close the Structure Input Window 
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39.  Click the Simulate Tab. 

40. Click the Route button to simulate runoff, route flows through the network, and automatically 
size the pond.   

41. Click Yes on the Warning text box to optimize the structure.  The optimization screen will 
appear while the routine is determining a pond size that meets the Ecology design criteria. 

 
 
When the optimization is complete, the program will display a message box indicating that the size 
of the rectangular orifice is less than the allowed minimum.  We’ll go back and modify the orifice 
in a later step.  Click OK to continue. 
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42.  Note that the pond now meets the flow duration standard.  Check the Flood Frequency option 
button and then the Draw button to plot the flood peak performance.  We now have to go back 
and adjust the rectangular orifice because the size calculated by the optimization routine was 
less than the 0.25 inch minimum width.  Also, check the bottom orifice for a diameter that is 
constructible. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Click the Post Developed Scenario Window to Select it.  Open the Structure (Pond) Link 
Definition Screen by right clicking on the structure and selecting Edit.   Increase the 
Rectangular Orifice Length to 0.250 inches (the minimum acceptable Length). 
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Change the bottom orifice diameter to 0.718 inches for a constructible diameter.  See 
http://en.wikipedia.org/wiki/Drill_and_tap_size_chart for a list of common drill bit sizes.  
Note the minimum bottom orifice diameter is 0.50 inches.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

43.  Click the OK button.  SAVE the project at this point. 

44.  Click the Simulate Tab.  Click the Route button with the compute stats for all Subbasins/Links 
box checked.  Click No on the Warning text box.  Flows will be routed but the pond geometry 
and orifice sizes from the previous optimized design will not change.   
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45.  The resulting pond performance fails the duration standard because the rectangular orifice 
had to increase to meet the minimum size allowed.  

 

 

46.  Now we’ll go back and increase the pond size to compensate for the larger rectangular orifice.  
Click the Scenario Tab, and then the Open Schematic button for the Postdeveloped scenario to 
get to the detention pond.  Select the New Structure Link1 by right clicking it.  Select Edit. 

Increase the Pond size to 161 ft by 50 ft.  Increase the Max Pond Elevation to 254.00 ft to 
provide the required 1 foot of freeboard.  Click OK. 

In general, the simplest way to adjust a pond to meet the flow duration standard is to 
gradually increase the pond size until the flow duration standard is met.  This may take several 
iterations to accomplish. 
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47.  Save the project.   

48. Click the Simulate tab and Click the Route button with the compute stats for all 
Subbasins/Links box checked.   

49. Click No on the Warning text box to route the flow without optimization.  The pond now meets 
the required performance. 

 
 

50. Next, check the pond tract assumption.  View the Project Report either from the File-Print 
menu, from the icon on the tool bar, or by opening the .rtf file (in the project’s specified file 
folder) with a word processor.  
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Initially, we guessed the pond tract to be 10,000 square feet (0.229 acres).  The pond area at 
the riser crest is shown to be 12,172 square feet (0.279 acres).  The area at the maximum 
elevation is 13,690 square feet (0.314 acres).  The designer must go back to the predeveloped 
and developed scenarios and change the pond tract since the calculated pond area is larger 
than the initially guessed pond tract area.  Change the pond tract area to 0.330 acres.       

 
51. On the Scenario Tab, enter 0.330 acres for the pond tract area in the Predeveloped and 

Postdeveloped scenarios as shown below. 
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52.  On the Postdeveloped scenario tab, right click on the New Structure Link 1 and select Edit.  
Increase the length of the pond from 161 feet to 170 feet.  Note that these new dimensions 
were found after a few iterations. 

  

53.  Save the Project. 

54.  On the Simulate Tab, click the Route button.  Click No on the Warning text box to route the 
design without optimization.  The pond now meets the required performance. 

 

 

55. Check the pond tract area assumption again.  View the Project Report.   
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The pond tract was guessed to be 14,356 square feet (0.330 acres).  The pond area at the 
riser crest is shown to be 12,784 square feet (0.293 acres).  The area at the maximum 
elevation is 14,356 square feet (0.330 acres).  The calculated pond area fits into the pond 
tract that guessed.  To finish off the detention pond design, the designer needs to size the 
emergency overflow spillway/structure as discussed in the HRM BMP FC.03 Detention Pond.  
This hand calculation is not discussed in these MGSFlood example problems. 

 

56. Graphs may be exported to .jpg files by clicking the button on the Graphs tab and specifying a 
file name. 
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General Guidance for Adjusting Pond Duration Performance 
� Analyze the duration curve from bottom to top, and adjust orifices from bottom to top. 

 
� The bottom arc corresponds with the discharge from the bottom orifice.  Reducing the 

bottom orifice discharge lowers and shortens the bottom arc while increasing the bottom 
orifice raises and lengthens the bottom arc.    

 
� Inflection points in the outflow duration curve occur when additional structures (orifices, 

notches, overflows) become active. 
 

� Lowering the upper orifice moves the transition right on the lower arc and raising the upper 
orifice moves the breakpoint left of the lower arc.  

 
� The upper arc represents the combined discharge of both orifices. Adjustments are made to 

the second orifice similar to the bottom orifice.  
 

� Increasing the facility volume moves the entire curve down and to the left. This is done to 
control riser overflow conditions.  Decreasing facility volume moves the entire curve up and 
to the right.   
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Work Session 2 - Automatic Pond Design with By-pass.  Compute Peak Flow for Conveyance 
Design.  
 
Local topographic constraints often make it impractical to direct all runoff from developed areas to a 
detention facility.  If a portion of the developed watershed bypasses the pond, then a secondary by-
pass subbasin can be added.  
 
Using the file created under Work Session 1, redesign the pond assuming that 0.10 acres bypasses 
the pond.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Open the Postdeveloped Scenario Window.  Note the Predeveloped Scenario does not 
change from that defined in the Work Session 1 example. 

2. Drag another Subbasin onto the screen.  This subbasin will represent the bypass area. 
3. Drag a Copy Link onto the Screen. 
4. Configure the watershed as shown below.  

 
 

Pond 

Node 2 is the Point of Compliance 
where flows join. 
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Configuration for Bypass 

 
5. Click on Subbasin 3 to Select it.  Right Click to display the menu and then select Edit.  

Change the subbasin name to Bypass Area and enter 0.100 acres for the bypass 
impervious area.  Click Ok. 
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6. Click the Post Developed Target Subbasin to Select it.  Right Click to display the menu and 
then select Edit.  Change the subbasin name to Tributary to Pond.  Subtract 0.100 acres 
from the impervious surface to make a total of 1.277 acres of impervious area for the 
subbasin.  Click Ok. 

 
 

7. Click the Copy Link to select it.  Right Click and then select Edit.  Enter POC Inflow for 
the Link Name.  Click OK. 

8. Right Click the Copy Link again.  Select Set Point of Compliance at Inflow.  The 
watershed configuration should look like the below drawing.  Make sure the New 
Structure Link1 is set for optimization.  The program will combine the pond outflow with 
the bypass area and size the pond to meet the duration standard. 

 
9. Click File Save As and enter “DesMoinesFullOptBypass”.  Click “No” when prompted to 

create a new subdirectory. 

10. Click the Simulate Tab. Click the Route Button 
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11. Click Yes on the Warning text box to optimize so MGSFlood will calculate the pond 
dimensions and control orifice/weir structure dimensions.   

 
 

 
Simulation Results are shown below for bypass configuration.  The optimizer converged 
on a successful solution.  We’ll need to go back and check the orifice sizes for 
constructibility as well as make sure the pond design fits inside the guessed pond tract 
area.   

 
12.  On the Postdeveloped Scenario, right click the New Structure Link1 and select Edit.  

Increase the pond length to 167 feet and width to 56 feet.  Click OK.  
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13. Click the Outlet Structures tab.  Change the lower orifice diameter to 0.703 inches. See 
http://en.wikipedia.org/wiki/Drill_and_tap_size_chart for common drill bit sizes.  
Change the rectangular orifice length to 1.250 inches. 

  
14. Click the OK button.  SAVE the project at this point. 

15. Click the Simulate Tab. Click the Route Button 

16. Click NO on the Warning text so that MGSFlood will route flows through the pond but will 
not change the pond dimensions and control orifice/weir structure dimensions.   



MGS Flood – Training Problems Page P-29 

17. The result shows that the pond with modified length, width, and orifice dimensions 
meets the required performance criteria.     

 
 

18. Next, check that the calculated pond footprint fits in the guessed pond tract area.  View 
the Project Report either from the File-Print menu, from the icon on the tool bar, or by 
opening the .rtf file with a word processor.             
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We guessed the pond tract to be 14,356 square feet (0.330 acres).  The pond area at the 
riser crest is shown to be 13,690 square feet (0.314 acres).  The area at the maximum 
elevation is 14,476 square feet (0.351 acres).  The designer must go back to the 
predeveloped and developed scenarios and change the pond tract size.  Consider setting the 
pond tract at 0.355 acres. 

 

19. On the Scenario Tab, enter 0.355 acres for the pond tract area in the Predeveloped and 
Postdeveloped scenarios as shown below.   

 

 

 

 

 

 

 

 

 

 

 

 

  

20. Right click the New Structure Link1 and select Edit.  Increase the pond length to 168 feet.  
Click OK.  SAVE the project at this point. 
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21. Click the Simulate Tab. Click the Route Button.Click NO on the Warning text so that MGSFlood 
will route flows through the pond but will not change the pond dimensions and control 
orifice/weir structure dimensions.  The pond now meets the required performance. 

 

22. Check the pond tract area assumption again.  View the Project Report either from the File-
Print menu, from the icon on the tool bar, or by opening the .rtf file with a word processor.     

 

The pond tract was guessed to be 15,463 square feet (0.355 acres).  The pond area at the riser 
crest is shown to be 13,764 square feet (0.316 acres).  The area at the maximum elevation is 
15,360 square feet (0.353 acres).  The calculated pond area fits into the guessed pond tract area.  
To finish off the pond design, the designer needs to size the overflow and emergency overflow 
spillways/structures as discussed in the HRM BMP FC.03 Detention Pond.  These hand calculations 
are not discussed in these MGSFlood example problems. 
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CONVEYANCE DESIGN 

For conveyance design, we want to compute peak discharge flood frequency rates for the 
conveyance design of the areas flowing to the detention pond and for the bypass area that goes 
around the detention pond.  To adequately simulate the peak discharge, we’ll have to set the 
model time step to 15-minutes.  Also, we don’t need to optimize the pond because we’ve already 
done that. 

 
1. Click the Simulate tab.  Select a 15-minute time step from the list box.  Check the radial 

button for Compute Stats for All Subbasins/Links in the Network. Click Route.  Click NO 
on the Warning text box. 

 
2. Save the file under a new name by clicking File Save As and enter 

“DesMoinesFullOptBypass15min”.  Click “No” when prompted for a new directory. 
 

3. Now we have flows computed at a 15-minute time step.  We can now select the locations 
in the project where we need flood frequency data.  For this example, we’ll need 25-
year peak inflow to the pond and 25-year peak flow rate for the bypass for conveyance 
design. 

 
4. Select the postdeveloped scenario screen.  Click the “Tributary to Pond” subbasin to 

select it and then right click to display the menu.  Click Statistics.  Do the same for the 
“Bypass Area” subbasin.  When finished, the peak flow statistics will be present in the 
project report and they will be available for plotting on the Graphs tab. 
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5. Click the Project Report button on the toolbar.  Scroll down to the section titled  
SCENARIO: POSTDEVELOPED.  Scroll down to find the flood frequency table for the 
“Tributary to Pond” and “Bypass Area” subbasins. 
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The 25-year peak flow rate (at 15-minute time steps) to the pond is estimated at 0.875 
cfs.  The 25-year peak flow rate (at 15-minute time steps) for the bypass area is 
estimated at 0.069 cfs. 
 

6. Hydrographs corresponding to the peak discharge rates above can be exported for use in 
hydraulic routing models, such as SWMM or StormShed or for graphing in Excel. 

 
7. We’ll export hydrographs encompassing 30-day periods for the pond inflow for recurrence 

intervals ranging from 2-years to 100-years.  Click the Tools tab and enter 30 in the 
Hydrograph Length field. 

 
8. Select “Scn: 2, Inf Lnk: New Structure Lnk 1” and Click the Export Hydrographs for All 

Subbasins/Links. 
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9. Using Windows Explorer, open the Project Folder.  You’ll find a separate file for each 
hydrograph exported for each subbasin and link in the project where statistics have been 
computed. 

 



MGS Flood – Training Problems Page P-36 

10. If you open one of these files in a text editor, you’ll see the date/time and hydrograph 
ordinate values for the storm that is closest to the computed recurrence interval.  The 
image below shows the storm exported for the 25-year flood peak. 

 
 

 

Approx. 25 Yr 
Peak 
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Work Session 3 - Roadway Widening Problem, Infiltration Pond Design 
 

Using the file created under Work Session 1, replace the detention pond with an infiltration pond.  
Use the Massmann Infiltration Option with a conductivity of 1.5 in/hr, depth to water table of 50 
feet, Low Bio-Fouling unchecked, and Average or Better Maintenance checked.  Use the 
Optimization routine to size the pond. 
 

1. Click the Scenario Tab and select the Proposed Condition Scenario. 

2. Right click the New Structure Link1 and select Edit to display the structure input screens. 

 

3. Click the Optimization tab.  Click Infiltration Pond for the Type of Pond.  Note that full 
optimization is no longer an option when sizing an infiltration pond.  This is because 
infiltration ponds are much less complex than a detention pond.  Enter 1.500 in/hr for 
the Hydraulic Conductivity and 50.0 feet for the Depth to Water Table.  Make sure the 
Low Bio-Fouling Potential button is unchecked.  Click OK to close the input screen. 

4. Right click the “New Structure Link 1” (the infiltration pond) and set it to optimize.  Save 
the file.   

5. Click the Simulate tab.  Make sure the time step is 1 hour.  Click the Route button.  Click 
Yes on the Warning text box so that MGSFlood optimizes the infiltration pond design. 

6. When the simulation has finished, the flow duration and peak discharge graphs look like 
the following: 
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Note that the post development duration and frequency statistics plot well below the 
predeveloped.  This is because an infiltration pond is designed to infiltrate all runoff up to 
the 50-year recurrence interval.  Floods larger than the 50-year recurrence interval 
discharge through the overflow structure and contribute to downstream runoff. 

7. Click on the Post Developed Scenario Screen and then open the link definition for the 
pond.  Note the Pond Volume determined by the optimizer (approximately 0.50 ac-ft at 
the riser crest elevation). 

8. Check to make sure the calculated pond area fits in the assumed pond tract area.  View 
the Project Report either from the File-Print menu, from the icon on the tool bar, or by 
opening the .rtf file with a word processor.   

 

Overflow 
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The infiltration pond needs 1 foot of freeboard while MGSFlood defaults to give only 0.5 ft in 
the calculations.  The designer needs to go back and set the maximum pond elevation at 
254.00 to account for the 1 foot of freeboard requirement.     

9. On the Scenario Tab, right click the New Structure Lnk1 (infiltration pond) and click Edit.  
Change the maximum pond elevation to 254.00.  Also, round off the length to 130.00 ft 
and width to 44 ft.  Click OK to close.  Save the project.   

 

10. Click the Simulate tab.  Make sure the time step is 1 hour.  Click the Route button.  Click 
NO on the Warning text box so that MGSFlood does not optimize the infiltration pond 
design.  The pond should still meet the duration standard. 

11. View the Project Report either from the File-Print menu, from the icon on the tool bar, 
or by opening the .rtf file with a word processor. 



MGS Flood – Training Problems Page P-40 

 

Initially, the pond tract was guessed to be 14,356 square feet (0.330 acres).  The pond area is 
shown to be 9,176 square feet (0.211 acres).  The area at the maximum elevation is 10,472 
square feet (0.240 acres).  The proposed pond fits into the pond tract that was guessed.  The 
designer should try to reduce the size of the assumed pond tract to become closer in size with 
the calculated pond area.  Consider setting the pond tract at 0.240 acres.   

12. On the Scenario Tab, enter 0.240 acres for the pond tract area in the Predeveloped and 
Postdeveloped scenarios as shown below.  Click OK and SAVE. 

 

 

 

 

 

 

 

 

 

 

 

 

13. Click the Simulate Tab. Click the Route Button.  Click NO on the Warning text so that 
MGSFlood will route flows through the pond but will not change the pond dimensions and 
control orifice/weir structure dimensions.   

14. The pond still meets the required performance. 
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13. Check to make sure the calculated pond area fits in the assumed pond tract area.  View the 
Project Report either from the File-Print menu, from the icon on the tool bar, or by opening 
the .rtf file with a word processor.     

 

We guessed the pond tract to be 10,472 square feet (0.240 acres).  The pond area is shown to 
be 9,167 square feet (0.211 acres) at the riser crest elevation.  The area at the maximum 
elevation is 10,472 square feet (0.240 acres).  The calculated pond fits into the guessed pond 
tract area.  To finish off the pond design, the designer needs to size the overflow and 
emergency overflow spillways/structures as discussed in the HRM BMP IN.02 Infiltration Pond.  
These hand calculations are not discussed in these MGSFlood example problems. 
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Let’s see how a shallow groundwater table influences the performance of an infiltration facility.  
Previously, the depth to groundwater was set to 50 feet.  We will look at a depth to ground water 
of 10 feet.  Again, use the final Work Session 1 file and change the detention pond to an infiltration 
pond.  Use the Optimizer to size a pond with a depth to groundwater of 10 feet.   

1. Click the Optimization tab and change the depth to water table to 10 feet. 

 

2. Click Ok and then Click the Simulate tab.  Click the Route button.  Click Yes on the Warning 
text box to optimize the infiltration pond design.   

3. When the simulation has finished, the flow duration and peak discharge graphs look like the 
following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Check to make sure the calculated pond area fits in the assumed pond tract area.  View the 
Project Report either from the File-Print menu, from the icon on the tool bar, or by opening 
the .rtf file with a word processor.   
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The infiltration pond needs 1 foot of freeboard while MGSFlood defaults to give only 0.5 ft in 
the calculations.  The designer needs to go back and set the maximum pond elevation at 
254.00 to account for the 1 foot of freeboard requirement. 

5. On the Scenario Tab, right click the New Structure Lnk1 (infiltration pond) and click Edit.  Change 
the maximum pond elevation to 254.00.  Also, round off the length to 185.00 ft and width to 62 
ft.  Click OK to close.  Save the project 

 

6. Click the Simulate tab.  Make sure the time step is 1 hour.  Click the Route button.  Click NO 
on the Warning text box so that MGSFlood does not optimize the infiltration pond design.  The 
pond should still meet the duration standard. 
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7. View the Project Report either from the File-Print menu, from the icon on the tool bar, or by 
opening the .rtf file with a word processor. 

 

Initially, the pond tract was guessed to be 14,356 square feet (0.330 acres).  The pond area 
at the riser crest is calculated to be 16,240 square feet (0.373 acres).  The area at the 
maximum elevation is 17,974 square feet (0.413 acres).  The designer must go back to the 
predeveloped and developed scenarios and change the guessed pond tract since it is too 
small for the calculated pond area.  Consider setting the pond tract at 0.413 acres.  

 

8. On the Scenario Tab, enter 0.413 acres for the pond tract area in the Predeveloped and 
Postdeveloped scenarios as shown below. 
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9. Click the Simulate tab.  Click the Route button.  Click No on the Warning text box to only route 
and not optimize the pond. 

10. When the simulation has finished, the design meets the flow duration standard.  The flow 
duration and peak discharge graphs look like the following: 

 

 

 

 

 

 

 

 

 

 

 

11. Check to make sure the calculated pond area fits in the assumed pond tract area.  View the 
Project Report either from the File-Print menu, from the icon on the tool bar, or by opening 
the .rtf file with a word processor.   

 

 

The pond tract was guessed to be 17,974 square feet (0.413 acres).  The pond area at the riser 
crest is shown to be 16,240 square feet (0.373 acres).  The area at the maximum elevation is 
17,974 square feet (0.413 acres).  The calculated pond fits into the guessed pond tract area.  To 
finish off the pond design, the designer needs to size the overflow and emergency overflow 
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spillways/structures as discussed in the HRM BMP IN.02 Infiltration Pond.  These hand calculations 
are not discussed in these MGSFlood example problems. 

 

 

COMPARISON OF RESULTS 

The first simulation in Work Session 3 where the ground water was 50 feet below the infiltration 
pond gave a pond volume of 22,141 cubic feet (0.508 acre-ft) at the riser crest elevation and a 
surface area of 10,472 square feet (0.240 acres) at the maximum pond elevation.  When the 
ground water was only 10 feet below the infiltration pond, the resultant necessary infiltration 
pond volume was calculated to be 41,358 cubic feet (0.949 ac-ft) at the riser crest elevation with 
a surface area of 17,974 square feet (0.413 acres) at the maximum pond elevation.  The higher 
groundwater table causes a groundwater mound to form quickly beneath the pond and reduces the 
effective infiltration rate.  The necessary infiltration pond area and volume increased with the 
shallower ground water table.     
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Work Session 4 - Dual Infiltration Trench Design 
 
A new off-ramp is being constructed near Vancouver.  The existing condition consists of grass.  
The off-ramp will be 1,000 feet long and 28 feet wide pavement.  The adjacent roadway 
embankment slope is 19 feet wide at a slope of 6.7H:1V.  The ramp will be sloped such that all 
runoff discharges to one side of the ramp.  Assume that the grassy embankment side slope 
adjacent to the edge of pavement is as an 11’ wide narrow area vegetated filter strip.  This will 
serve as pretreatment to the infiltration trenches.  Geologic investigations indicate permeable 
alluvium soil with characteristics similar to outwash.   
 
Design an infiltration trench system that meets the flow duration standard for this project.   
Runoff will flow from the edge of pavement to a narrow area filter strip, then to an embankment 
infiltration trench.  Any overflow will run down the grassy embankment to the ditch bottom 
infiltration trench.  The embankment infiltration trench will be 3’ wide and 3’ deep.  For the ditch 
bottom infiltration trench, use a trench foreslope of 6.7H:1V and backslope of 3H:1V.  Geologic 
investigations indicate minimum depth to groundwater of 50 feet below the upper trench bottom 
and 47 feet below the lower trench bottom during the winter months.  Use saturated hydraulic 
conductivity of 1 inch per hour for native material and a porosity of 30% for the trench gravel. 
 
 

 
 
 
 
 
 
 
 

 
 

Trench Configuration 
 
 
Start Program, Save Project File 

1. Start program from Windows Start button 

2. Click File Save As, Enter “InfiltrationTrench” for Project Title.  Create project folder when 
prompted. 

Project Location Tab 

3. Enter project name, analysis title, and comments. 

4. Check the Extended Precipitation Timeseries Option Button 

5. Click the Map button under Climate or refer to the printed copy of the map.  Locate Vancouver 
on the map.  Note the Timeseries Region and the mean annual precipitation for the project.  
Click the X on the Map window to close it.  You could also use the calculator to determine the 
Mean Annual Precipitation for the project site. 
 

6. Select Climate Region 20, Vancouver 40 in MAP from the drop down list box. 

 

Narrow Area Filter Strip 

Embankment Infiltration Trench 

Ditch Bottom Infiltration Trench 
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Land Use  
Based on the HRM minimum requirements, the pond will be designed for the mitigated (new 
impervious) area only.  Subbasin 1 consists of the new impervious area and the narrow area filter 
strip discharging to the embankment infiltration trench.  Subbasin 2 consists of the remaining 
grassy embankment area discharging to the ditch bottom infiltration trench.  
 
7. Compute Pre- and postdeveloped area. 

Subbasin 1:  Area Draining to Embankment Infiltration Trench 1 
Predevelopment    Post-Development 

Outwash Forest:     Impervious: 
28’*1000’=28,000/43560 = 0.643 ac           28’*1000’=28,000/43560 = 0.643 ac 
Till Grass (road embankment)   Till Grass (vegetated filter strip) 
11’*1000’=11000/43560=0.253 ac  11’*1000’=11000/43560=0.253 ac 

 
Subbasin 1 Total:  0.896 acres 

 
 
Subbasin 2:  Area Draining to Ditch Bottom Infiltration Trench 2 

Predevelopment    Post-Development 
Till Grass (road embankment):    Till Grass (road embankment) 
5’*1000’=5000/43560=0.115 ac              5’*1000’=5000/43560=0.115 ac   
 

Subbasin 2 Total:  0.115 acres 
 
 

Step 3 

Step 5 

Step 6 

Step 4 



MGS Flood – Training Problems Page P-49 

Subbasin 3:  Area of Embankment Infiltration Trench 1 
Predevelopment    Post-Development 

Till Grass - Infil Trench 1 (on Embankment) Impervious – Infil Trench 1 (on Embankment) 
3’*1000’=3000/43560=0.069 ac   3’*1000’=3000/43560=0.069 ac 
 

Subbasin 3 Total:  0.069 acres 
 
 

Work Session 4 is designing the width of the Ditch Bottom Infiltration Trench 2 to meet TDA flow 
control requirements.  Assume that this trench has a bottom width of 2 feet.   The designer will 
need to guess and check to verify this assumption to be true.  Based on the trench bottom width 
assumption, input the Subbasin 4 information below. 

 
Subbasin 4:  Area of Ditch Bottom Infiltration Trench 2 

Predevelopment    Post-Development 
Till Grass - Infil Trench 2 (bottom slope) Impervious – Infil Trench 2 (bottom slope) 
2’*1000’=2000/43560=0.046 ac   2’*1000’=2000/43560=0.046 ac 
 

Subbasin 4 Total:  0.046 acres 
 
 

 
8. On the Scenario Tab, Click the Predeveloped button to display the predevelopment Scenario 

Window.  Drag two subbasins and a Copy Link onto the Screen.  Connect them as shown below 
and set the point of Compliance at the Copy Link Outflow (or Inflow it would give the same 
result). 
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9. Edit each subbasin and enter the land use data: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MGS Flood – Training Problems Page P-51 

10. Click the Postdeveloped button to display the Post Development Scenario Window.  Drag two 
subbasins and two infiltration trench links onto the Screen.  Connect them as shown below and 
set the New Infiltration Trench Lnk2 for optimization.  Move the point of compliance to the 
outflow of the New Infilt Trench Lnk2 (ditch bottom infiltration trench). 

  
 
11. Edit each subbasin and enter the land use data: 
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Infiltration Trench Link 1 Input  
12. Edit the Infiltration Trench Link 1 (the embankment infiltration trench). 

13. Enter the trench data as shown below for Trench 1 and Click OK.  Assume the edge of pavement 
is at elevation 100.00.   

 
 

14. Edit the Infiltration Trench Link 2 (ditch bottom infiltration trench). 

15. Click the Optimization Data Tab 

16. Enter the trench data on the Optimization Data tab as shown below and Click OK 

For trench optimization, input two of three dimensions and the optimizer will solve for the third 
dimension.  In this case, we’re solving for the trench width.  Click OK 
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17. Click the Simulate tab.  Make sure the Compute Stats for All Subbasins/Links in Project is 

checked.  Click the Route button.  Click Yes on the Warning text box to optimize the bottom 
infiltration trench design. 
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Bottom Infiltration Trench Outflow Performance (Point of Compliance) 

 

 

 

 

 

 

 

 

 

 

The optimization routine gave a bottom infiltration trench width of 1.51 feet that would 
satisfy the flow control duration standard.  Initially, the bottom infiltration trench was 
guessed to be 2.00 feet wide so that assumption is still valid.  The designer should decrease 
the trench width to something more constructible.  Consider changing the trench width to 
1.50 ft wide.   

   

18. On the Proposed Condition Scenario, right click the New Infiltration Trench Link2 and select 
Edit.  Change the bottom trench width to 1.50 feet.  Click OK to close 

 

 

 

19. Click the Simulate tab.  Make sure the Optimize and Compute Stats for All Subbasins/Links in 
Project is checked.  Click the Route button.  Click NO on the Warning text box to only route and 
not optimize the bottom infiltration trench design. 
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Bottom Infiltration Trench Outflow Performance (Point of Compliance) 

 

 

 

 

 

 

 

 

 

 

 

Decreasing the bottom infiltration trench width to 1.50 feet still produced an overall 
stormwater design that satisfies the flow control duration standard.   

20. Because we checked the Compute Stats for all Subbasins/Links, flow peak and duration 
statistics are available at the outlet of every subbasin and the inflow and outflow to every link 
in the project.  To view them graphically, select the desired pre- and post-developed location 
from the selection box, and then click the draw button.  For example, the duration statistics at 
the outflow from the upper trench can be viewed by selecting the Link Outflow for the ‘New 
Infil Trench Link1’ and clicking the Draw button. 
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The flood frequency plot at the outlet of the upper embankment infiltration trench link shows that 
the trench overflows at just after the 10-year recurrence interval. 
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Work Session 5 – Water Quality Design  
 

Determine a “Large” wet pond volume required for the Work Session 1 roadway widening 
example.  Determine the depth of water quality dead storage required. 
 

1. Open the final pond design from Work Session 1.  Use the File Open commands from the 
menu.  The file should have a detention pond with dimensions of:  

 
 

2. Click the Land Use Tab 
3. Make sure that the land use corresponds to that shown below.  
 

Predeveloped: 
Forest: 
New Lanes = (12’+12’)*2500’ = 60,000/43560= 1.377 ac 
Grass: 
Pond Tract calculated in Work Session 1=       0.310 ac 
 
Total Predevelopment Pervious:                   1.687 ac 
 

Postdeveloped: 
Developed Impervious: 
New Lanes = (12’+12’)*2500’ = 60000/43560= 1.377 ac 
Pond Tract calculated in Work Session 1=       0.310 ac 
 
Total Post Development Impervious:            1.687 ac 
 

 
4. Click the Simulate tab.  For Water Quality Wet Pool Volume based BMPs, WSDOT uses the 1 

hour time step to calculate the required volume.  Change the Computational Time step to 1 
hour.  Click Route.  Click No on the Warning text box to route and not optimize the design.   
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5. Click the Scenario Tab and Open the Post Developed Scenario Window.   
6. Click the pond link to select it and then right click to show the menu.  Select Link WQ 

Statistics.  This will open the Water Quality statistics window for the link. 

 
 
The basic wet pond volume is calculated using the Link Inflow Statistics.  Click the Compute Water 
Quality Treatment Volume button.  The results will be displayed on the form.  The “Large” wet 
pond volume is also provided, which is the basic volume multiplied by 1.5. 
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Bioswales are sized using the water quality design discharge rate.  For treatment upstream of 
the pond, the “on-line” or “off-line” design discharge rate is used.  For treatment downstream of 
the pond, the 2-year discharge rate is used.  For the project above, determine the “on-line” and 
“off-line” design discharge rates, and the 2-year rate. 
 
 
 
 
 
 
 
 
 
 
 
 

Upstream of Detention 
Facility, Off-Line 

Upstream of Detention 
Facility, On-Line 

 

22. Click the Compute Water Quality 15-minute Design Discharge button.  On-line and off-line 
discharge rates will be reported on the tab and in the project report.  Note, runoff should be 
computed at a 15-minute time step if using the extended precipitation time series in order 
to compute the 15-minute rate.  If using station data, the program uses adjustment factors 
to convert the 1-hour runoff to 15-minutes.  

Q 

Pond 

Treatment 

Q 

Pond 

Treatment 

Splitter 

By-pass 
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Determine the geometry of the “off-line” Flow Splitter Structure that will fit in a 48” diameter 
manhole. 
 
When an off-line treatment approach is used, a flow-splitter is needed for bypassing flows that exceed the 

design flow rate.  The splitter structure includes an orifice and on overflow weir (see figure below), and the 

design guidelines are listed below. 

 

• The maximum head on the overflow weir must be minimized for flow in excess of the water 

quality design flow.  Specifically, flow to the water quality facility at the 100-year water surface 

must not increase the design water quality flow by more than 10-percent. 
 

• The splitter structure requires an orifice plate upstream of the discharge pipe that leads to the 

water quality treatment facility.  The design water surface should be set to provide a minimum 

headwater/diameter ratio of 2.0. 
 
The splitter design is a trial and error procedure whereby the orifice diameter is selected by the user.  The 

program then computes the height of the baffle wall, the length of the overflow weir, and the ratio of the baffle 

wall height to orifice diameter.  There is not a unique solution and the user should select an orifice size that 

produces a baffle wall height and overflow length that will conveniently fit in a standard manhole (or other 

structure) and meets the required headwater/diameter ratio of 2.0. 
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Flow 
Splitter Geometry (per Ecology Stormwater Management Manual) 

 

Flow Splitter Example 
The project has the subbasin set up in Work Session 5.  The project wants to utilize an off-line 
bioswale for runoff treatment.  The designer needs to figure out the flow splitter design.  Assume 
the flow splitter will be in a 48” diameter manhole.   
 
 
 

Wall Height Measured from 
Centroid of Orifice to Wall 
Top 
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Using Work Session 5, 

1. Click the Flow Splitter Calculator Tab.  Enter an orifice size of 6”, Click the Compute Flow 
Splitter Geometry button.  Repeat the process until the Baffle Wall Length just fits in the 
manhole (48”) and the ratio criteria are met 

2. Try an orifice size of 4”.  

3. An orifice size of 2.5” will just fit inside the 48” manhole and satisfies the hydraulic criteria. 
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Work Session 6 - Design of CAVFS for Water Quality Treatment 
 

A section of SR-167 near Auburn is to be improved with the addition of a carpool lane for the 
southbound direction of travel.    

 
 
 
 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

Project Location Map 

 

The existing configuration consists of two 12-foot lanes with 8-foot shoulders.  The existing lanes 
are crowned so that ½ of the runoff drains toward the median.   
 
 
 
 

 
Existing Condition, South Bound Lanes 

 
The project will add one 12-foot car pool lane while maintaining the current shoulder widths.  The 
new lane will be added in the freeway median.  The area of roadway draining to the median will 
be the existing lane (12’) plus the new carpool lane (12’) plus the shoulder (8’) for a total of 32’. 
 
 
 
 

 
 

Proposed Condition 
 
The project is located on Alderwood soils, which are classified as SCS Hydrologic Group C. 
Design a CAVFS to treat runoff from the impervious surfaces that drain to the median for this 
1200 foot long section of roadway.  The CAVFS data are as follows: 

 
Compost Depth:  1 foot 
Compost Porosity: 20% 
Compost Hydraulic Conductivity:  1.95 in/hr 
Underlying Soil Infiltration Rate:  0.01 in/hr 
Compost Slope:  4H:1V 

52 ft 

CAVFS 

8 ft 

40 ft 

8 ft 

32 ft 

Median  
44 ft 

32 ft 

TDA 1 
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Gravel Spreader Width:  2 ft 
Gravel Spreader Porosity:  30% 
Gravel Spreader Hydraulic Conductivity:  2 in/hr 

• Remember the default settings are in ft/day for the Hydraulic Conductivity.  You will need 
to convert the values.  For this example change the units to in/hr to match the example 
problem.  The default units settings are under: Options - 3rd tab Units.    

 
Note designing the CAVFS is a trial and error procedure.  We’ll input the CAVFS width, run the 
model, and check the percentage of runoff treated.  This process will be repeated until we achieve 
the 91% volume treatment criteria shown in the history file.  The values for the CAVFS input 
above are for this problem only and should not be used as default values for another design.  
The designer should consult a geotechnical engineer to establish project site specific values for 
the all of the above CAVFS input. 
 
Start Program, Save Project File 

1. Start program from Windows Start button 
Start-Programs-MGS Software-MGSFlood 

2. Click File Save as, Enter “SR167CAVFSTreatment” for file name.  Create project folder when 
prompted 

Project Location Tab 

3. Enter project name, analysis title, and comments. 

4. Check the Extended Precipitation Timeseries Option Button 

5. Compute the mean annual precipitation using the calculator, 
From Google Earth Map (above) or Environmental Workbench, Lat=47.29 deg, Long=122.245 deg 

6. Select Climate Region 13 Puget East 40 in MAP from the drop down list box. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Step 3 

Step 5 

Step 6 

Step 4 
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Land Use Input  

7. Enter Pre- and postdeveloped area.  Note, we’re only entering the area that drains to the 
median.   

Predeveloped: 
Till Forest: 
Impervious roadway from the road crown towards the median: 
(12’+8’)*1,200’ = 24,000/43,560= 0.551 ac 
 
Till Grass: 
Existing Median = (44’)*1200’ = 52,800/43,560= 1.212 ac 
 
Total predevelopment Area:  1.763 ac 
For SCS Type C soil, use Till  
 

Postdeveloped: 
Precipitation will be simulated on the CAVFS by the CAVFS routine, therefore we don’t need 
to specify this area on the Land Use tab. 
 
Developed Impervious (Existing Lane+Shoulder+New Lane): 
(12’+8+12’)*1,200 = 38,400/43,560= 0.881 ac 
 

8. Click the Scenario tab and Open the Predeveloped Scenario.  Drag two subbasins into the 
window.  Drag a copy link into the window.  Connect the two subbasins to the copy link.  Right 
click the copy link and make it the point of compliance.  Right click each subbasin and input 
the below information.  Enter the land use as follows:  (Note:  We’re only interested in the 
Post developed runoff for this step for water quality treatment design.  It’s somewhat 
irrelevant what land use we put in for the existing condition.) 
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9. Open the Post Developed Scenario.  Drag a subbasin and a CAVFS link onto window.  Connect 
the subbasin to the CAVFS by right clicking on the subbasin and selecting Link Connection 
Primary.  Right Click the subbasin and select edit.  Enter the land use as follows and click OK: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.   Click the CAVFS Link to Select it.  Click Edit and enter the following data for the CAVFS 
geometry.  We’ll try an initial CAVFS width of 20 feet.  Check the option box to include 
precipitation and evaporation on the CAVFS.  Enter the remainder CAVFS information as 
follows: 
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11. Click OK, save your input, and click the Simulate tab. 

Simulate Tab 

12.  Select a time step of 15-minutes. 

 

13. Click the Route button.  When the simulation is complete, the duration performance will be 
displayed.  We will ignore the duration performance now because we are sizing the CAVFS for 
water quality treatment only.  We’ll add a pond later to meet the flow control criteria. 

 

14. Click the project report button and scroll down to the CAVFS treatment statistics.  Our goal 
here is to treat 91% of the runoff.  Note the treatment for the 20 foot wide CAVFS is 89.88% < 
91.00%, therefore we need a wider CAVFS. 
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15.  Repeat the process above with a CAVFS width of 25 feet.  This will result in a  
(%infiltrated+%filtered)/total volume of :  91.00%    

 

This CAVFS design now meets the runoff treatment requirements. 
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Work Session 7 - Design Stormwater Pond with Upstream CAVFS  
 
Design a stormwater detention pond for the project in the previous work session to mitigate the 
runoff from the new impervious area only.  Use the Equivalent Area Method to size the pond and 
include the CAVFS upstream.  Also, use the 50% rule to check the amount of pervious and 
impervious surface flowing through the detention pond without flow control. 
 
Because runoff draining to the median includes both existing and new impervious, an equivalent 
area of new and existing area will be piped to the stormwater pond after running through the 
CAVFS.  This will be accomplished by installing a cross culvert at a location (X1) where the 
quantity of existing and new impervious equals the total new impervious added by the project.     
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

  

 

Length (X1) of Existing and New Pavement to get an area Equivalent to the New Impervious:    
New Impervious Lanes = 12’ x 1,200’ = 14,400 sf = 0.331 ac 

 

Length (X1) to give an equivalent area of new and existing impervious:   

X1=14,400sf/(20’+12’)= 450’ 

 

New HOV Lane,  

12 ft Wide  

1,200 ft 

X1 

Existing 
Proposed 

CAVFS 

(25’ Wide) 

Existing Lane 

20ft Wide  Existing Lane 

20ft Wide  

Existing Grass 

Median 90’ Wide 

20ft Wide  

Pond 

Tract 

Pond 

Tract 
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“50% Rule” 
 

50% Rule:  Existing Areas may be allowed to flow through the Detention Pond without flow 
control if:  The 100-year peak flow rate from the existing areas (not subject to flow control) is 
less than or equal to 50% of the 100-year developed undetained peak flow rate of the areas 
subject to flow control. 
 
Another way to say this is: 
 
It’s OK to route “existing areas” through the detention pond without any flow control applied to 
these existing areas if: 
 
100-year peak flow rate           < or =        50% of the 100-year undetained peak flow rate 
From the “Existing Areas”                        from Areas subject to flow control in the detention pond   
Not receiving flow control 
 
The 50% Rule allows some existing pervious and impervious surfaces to be routed through the 
detention facility without any flow control.  These areas are referred to as “flow through” areas.  
In the predeveloped condition, runoff will flow from the pavement, down the grass embankment, 
and eventually flow into a median ditch.  It will then flow into a culvert and cross under the 
highway 1,200 ft downstream.  In the postdeveloped condition, part of the existing grass 
embankment will be converted into a CAVFS.  The ditch at the bottom of the CAVFS will flow into a 
culvert installed at location X1 (450 ft downstream).  The culvert will then take flows under the 
highway to the detention pond.  The project is not going to provide flow control for the CAVFS area 
or the ditch area feeding into the culvert at location X1.  These areas need to be represented in 
the model since they flow to the detention pond, but they will be represented as flow through 
areas.  These “flow through” areas will be checked to meet the 50% Rule stated above.     
 
Flow Through Areas:    
Predeveloped Condition: 
Grass Embankment = 25’ x 450’ = 11,250/43,560=0.258 ac. 

Ditch area (assume 8’ total top width, “v” bottom, 1 ft deep, 4:1 side slopes) = 8’ x 450’ = 0.083 ac. 

 
Developed Condition: 
CAVFS = 25’ x 450’/43560 = 0.258 ac.  The area of the CAVFS will be counted in the CAVFS BMP structure 

so this area does not show up in the postdeveloped subbasin scheme.   

Ditch area = 8’ x 450’/43560 = 0.083 ac. 

 
There will be 3 subbasins; one for the roadway, one for the ditch flow through area, and one for 
the pond tract.  Runoff from the three subbasins will be routed to the detention pond. 

 
Subbasin 1 Roadway:  
Predeveloped Condition 

Till Forest:  Equivalent Area (Existing + New impervious): (32’*450’) = 14,400/43,560 = 0.331 ac 

Total Till Forest:                              0.331 ac 

Subbasin 1 Predeveloped Total     0.331 ac 
 
Developed Condition 

Impervious:  Equivalent Area (Existing + New impervious): (32’*450’) = 14,400/43,560 = 0.331 ac 

Total Impervious:                              0.331 ac 

Subbasin 1 Developed Total      0.331 ac 
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Subbasin 2 Flow Through Area:  
Predeveloped Condition 

Till Grass:  Grass Embankment = 0.258 ac 

Till Grass:  Ditch Area = 0.083 ac 

Total Till Grass:                              0.341 ac 

Subbasin 2 Predeveloped Total     0.341 ac 
 
Developed Condition 

Till Grass: CAVFS = 0.258 ac** 

Till Grass: Ditch Area = 0.083 ac 

Total Till Grass:                              0.083 ac 

Subbasin 2 Developed Total      0.083 ac 
 

Subbasin 3 Pond Tract:  
Predeveloped Condition 

Till Grass:  Pond Footprint estimated = 0.200 ac 

Total Till Grass:                              0.200 ac 

Subbasin 2 Predeveloped Total     0.200 ac 
 
Developed Condition 

Impervious: Pond Footprint = 0.200 ac 

Total Impervious:                              0.200 ac 

Subbasin 2 Developed Total      0.200 ac 
 

**The area of the CAVFS will be represented in MGSFlood in the CAVFS structure in the 
postdeveloped condition. 

 

MODEL INPUT 
Begin a New Project 

9. Click File, choose New to clear inputs from previous project. 

10. Click File Save As, Enter “SR167CAVFSPond” for file name.  Save the project in the same folder 
used in the Work Session 6.  Respond “No” when prompted to create a new program directory. 

 
Project Location Tab 

11. Enter project name, analysis title, and comments. 

12. Select Climate Region 13 Puget East 40 in MAP from the drop down list box as before. 

 
Scenario Tab  

13. Open the Predeveloped Scenario Screen and drag three subbasins and a Copy Link onto it.  
Connect and label them as shown below.  Set the point of compliance (POC) at the outlet of 
the Copy Link. 
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14. The CAVFS area and conveyance ditch area will be represented in the Flow Through Area 
subbasin.  Assume a 0.200 acre pond tract area.  Enter the land use for each subbasin. 
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15. Open the Post Development Scenario Screen.  Drag 3 subbasins and a structure (pond) onto the 
screen.  Name each subbasin and connect them as shown below.  Set the POC at the pond 
outflow as shown below.  Right Click the pond and toggle it to optimize. 
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Note that the area of the CAVFS is represented in the CAVFS module. 

 

 

 

 

 

 

 

 

 

 

 

 

 

16. We need the CAVFS we designed in the previous exercise.  We could drag a new CAVFS on the 
window and input the CAVFS data manually, but an easier method would be to import it from 
the other MGSFlood data file.  Click the Import button at the top of the screen. Select the 
Import Subbasins and Links from MGSFlood Data File and select the Post Developed scenario.  
Click OK and navigate to the SR167CAVFSTreatment.fld file.  Click Open to Import the 
subbasins and links from the other file. 
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Previous Work Session 6 
filename 
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17. After importing, we now have the subbasin and CAVFS link from the other data file in our 
project.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18. We don’t need the Subbasin from the other project, so click it to select it and then press the 
delete key to delete it.  Drag the CAVFS link up and connect the Roadway Area and Flow 
Through Area CAVFS subbasins as shown below.  Connect the CAVFS to the New Structure Lnk2 
(detention pond).   

 

Objects from Work Session 6 example -

SR167CAVFSTreatment.fld 
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19. Click CAVFS link and select edit.  Change the CAVFS length to 450’, the distance to the culvert 
leading to the pond and the CAVFS width is measured along the slope.  Check the box to 
include precipitation and evaporation on the CAVFS.  Click OK to close the window. 

 

 

20. Generally, this is the procedure for the detention pond design.  After setting up all of the 
subbasins flowing into the pond and setting up the flow through areas and estimated pond 
tract, the designer will optimize and size the pond to meet the flow duration standard.  After 
the optimization is complete, the designer needs to check the following: 

• Does the pond size satisfy the flow duration standard?   

• Are the orifices sizes constructible?   

• Does the designed pond footprint fit into the pond tract guessed at the beginning of 
this exercise?  It was initially guessed to be 0.200 acres. 

• Does the Flow Through Area exceed the 50% rule?  If so, the flow through area must 
be reduced to meet the 50% rule. 

• Overflow and emergency overflow designs need to be completed per the FC.03 BMP 
description in the Highway Runoff Manual.  This example problem will not cover these 
hand calculations.   

21. Right click the pond link and select Optimize this structure if this hasn’t been done already. 

22. Open the pond for editing.  Click the Optimization Data tab.  Change the tab to the settings 
shown below.  Select Full Optimization.  Click OK save your input. 
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Simulate tab 

23. Route the design at a 1 hour time step. Click Yes in the Warning Text box to optimize the New 
Structure Lnk2 (detention pond). 

 

 

24.  Take note of any warnings that appear and Click OK on the Warning Text box.  The message 
tells the designer that one of the discharge structures needs to be increased to meet minimum 
size requirements. 
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Even though the optimized pond satisfies the duration standard, the designer still needs to check: 

• Are the orifice sizes constructible?   

• Does the designed pond footprint fit into the pond tract guessed at the beginning of 
this exercise?  It was initially guessed to be 0.200 acres. 

• Does the Flow Through Area exceed the 50% rule?  If so, the flow through area must 
be reduced to meet the 50% rule. 

• Overflow and emergency overflow designs need to be completed per the FC.03 BMP 
description in the Highway Runoff Manual.  This example problem will not cover these 
hand calculations.   
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Scenario Tab 

25. Click Edit on the New Structure Lnk2 (detention pond) on the Postdeveloped scenario.  On the 
Pond/Vault Geometry tab, change the detention pond length to 75 ft and width to 25 feet.  Set 
the maximum pond elevation to 104.00 ft to give 1 foot of freeboard. 

 

26. On the Outlet Structure Tab, examine the orifice sizes for constructibility.  The bottom orifice 
was shown to be 0.756 inches.  Specify a bottom orifice diameter that has an associated drill 
bit size.  See http://en.wikipedia.org/wiki/Drill_and_tap_size_chart.  On this chart, the 
nearest drill bit size is the 3/4 inch (0.750) bit.  Select the 3/4 inch size.  Enter 0.750 as the 
bottom orifice diameter.  Also, specify 0.25 inches for the rectangular orifice length.  This is 
the minimum length for the rectangular orifice.  Click OK to close.  Save the file. 

 

Simulate tab 
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27. Route the design at a 1 hour time step. Click No in the Warning Text box so MGSFlood does not 
optimize and change the orifice sizes and pond dimensions.   

 

 
 

28. The pond does not satisfy the duration standard due to the changes in the orifice structure.  
The designer can try different combinations of sizes and elevations for the discharge 
structures.  The designer can also increase the geometry of the detention pond to try to meet 
the duration standard.  Before further editing the pond configuration, the designer should 
examine the pond tract size assumption.     

29. Check to make sure the calculated pond area fits in the assumed pond tract area.  View the 
Project Report either from the File-Print menu, from the icon on the tool bar, or by opening 
the .rtf file with a word processor.   
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The pond tract was guessed to be 8,712 square feet (0.200 acres).  The pond area at the riser 
crest is shown to be 3,999 square feet (0.092 acres).  The area at the maximum elevation is 4,851 
square feet (0.111 acres).  The calculated pond fits into the guessed pond tract area but the initial 
guess is too big.  Consider changing the pond tract size to 0.125 acres. 

 
Scenario Tab 

30. On the Scenario Tab, enter 0.125 acres for the pond tract area in the Predeveloped and 
Postdeveloped scenarios as shown below.  Click OK to close. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Simulate tab 

31. Route the design at a 1 hour time step. Click No in the Warning Text box so MGSFlood does not 
optimize and change the orifice sizes and pond dimensions.   
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32. The resulting pond performance does not meet the flow duration design criteria. 

 

Scenario Tab 

33. Click Edit on the New Structure Lnk2 (detention pond) on the Postdeveloped scenario.  On the 
Pond/Vault Geometry tab, change the detention pond length to 84 ft and width to 26 feet.  
Click OK to close.  Save the file.  Note that these pond dimensions were found after several 
iterations. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Simulate tab 

34. Route the design at a 1 hour time step. Click No in the Warning Text box so MGSFlood does not 
optimize and change the orifice sizes and pond dimensions.   
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35. The resulting pond performance meets the flow duration design criteria. 

 

36. Check to make sure the calculated pond area fits in the assumed pond tract area.  View the 
Project Report either from the File-Print menu, from the icon on the tool bar, or by opening 
the .rtf file with a word processor. 

 

The pond tract was guessed to be 5,445 square feet (0.125 acres).  The pond area at the 
riser crest is shown to be 4,488 square feet (0.103 acres).  The area at the maximum 
elevation is 5,400 square feet (0.124 acres).  The calculated pond fits into the guessed pond 
tract area.   We have made sure the pond’s control structure is constructible.  We have also 
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accounted for the pond’s footprint in the pond’s sizing.  Since this pond has flow through 
area, it has to be checked against the 50% rule.   

 

37. Determine the flow rate of the flow through area.  In the history file, examine the 
Predeveloped subbasin called “Flow Through Area”.  This subbasin contains the combined flow 
through area of CAVFS and ditch areas.  Take note of the 100-year flow rate of this subbasin.  
The 100-year flow rate for the total flow through area is 0.096 cfs. 

 

 

38. Determine the undetained flow rate of the area receiving flow control.  This area consists of 
the roadway and the detention pond.  MGSFlood was configured to compute statistics and flows 
at all subbasins and nodes.  Examining the postdeveloped condition shows the flow rate for the 
roadway is 0.193 cfs and the pond tract is 0.073 cfs.  The total of these two flows is 0.266 cfs.   
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50% Rule:  Existing Areas May be Discharged through the Detention Pond without flow control if:  
The 100-year peak flow rate from the existing areas (not subject to flow control) is less than 50% 
of the 100-year developed undetained peak flow rate of the areas subject to flow control. 
 
Another way to say this is: 
 
It’s OK to route “existing areas” through the detention pond without flow control applied to these 
existing areas if: 
 
100-year peak flow rate           < or =        50% of the 100-year undetained peak flow rate 
From the “Existing Areas”                        from Areas subject to flow control in the detention pond   
Not receiving flow control 
 

In our example problem, the 100-year peak flow rate from the existing flow through area = 
0.096cfs.   

50% of the 100-year undetained peak flow rate from areas receiving flow control in the detention 
pond = 0.266/2 = 0.133 cfs. 

 

The flow through area does not exceed the 50% Rule so it is OK to allow the flow through area 
to pass through the detention pond without flow control.    

 

The pond design is almost complete.  The designer needs to review and complete the Overflow 
and emergency overflow designs in the FC.03 BMP description in the Highway Runoff Manual.  This 
example problem will not cover these hand calculations.   
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Work Session 8 – Irregular Shape Pond Design. 
 
Assume the detention pond designed in the last work session is actually irregular shaped.  It is 
not rectangular as designed in MGSFlood.  We have the irregular shaped pond stage-volume 
relationship from our CAiCE/InRoads/CAD information.  We need to check to see if the irregular 
pond volume and irregular pond area meets the duration standard set in Work Session 7.   
 
We are going to use the previous Work Session 7 modeling output that shows the pond stage-volume 
needed to meet the duration standard.  We will use the Excel spreadsheet ElevVol.xls to compare 
the real irregular shaped pond stage-volume information to the Work Session 7 designed pond 
stage-volume information to determine if the duration standard is met.   

ElevVol.xls

 
We have found the irregular shaped pond stage volume information using CAiCE, InRoads, or 
CAD.  The information is listed in the table below. 
 
 
 
 
 
 
 
 
 
 
 
The Goal of the Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
            EXAMPLE GRAPH  
 
 
KEEP THE RED POINTS (X’s) ON OR TO THE RIGHT OF THE BLUE LINE FOR A SUCCESSFUL 
DESIGN!   
 
Scenario Tab 

1. From the completed Work Session 7 example, view the Project Report either from the File-
Print menu, from the icon on the tool bar, or by opening the .rtf file with a word processor.  
Specifically, copy the entire detention pond (New Structure Lnk2) stage-storage-discharge 
table shown below.   

100.00

100.50

101.00

101.50

102.00

102.50

103.00

103.50

104.00

104.50

0.00 0.10 0.20 0.30 0.40 0.50 0.60
Volume (ac-ft)

E
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v
a
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o
n

 (
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)

Prismatic Shape from MGSFlood

Irregular Pond Shape

If the irregular pond (red) data 
points plot on or to the right of the 
MGSFlood pond data (blue line), 
then the irregular pond will meet 
the duration criteria. 
 
How to Read The Graph 
“At elevation 103.00 ft, I need 0.40 
ac-ft of storage based on my 
MGSFlood calculations (blue line).  
At elevation 103.00 ft, I have 0.42 
ac-ft from my stage storage 
information (red x - irregular pond 
shape).” 
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2. Open the Excel file called ElevVol.xls and paste the copied stage-storage-discharge information 
into the table as shown below. Some formatting of the pond stage-storage-discharge 
information might be needed before pasting into the Excel spreadsheet.   
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3. Input into the spreadsheet the elevation-volume table information for the irregularly shaped 
pond.   

 

 

 

 

 

 

 

 

 

 

 

 

 

4. If the data points for the irregularly shaped pond plot to the right of the prismatic pond line, 
then the irregular shaped pond will work.  For this irregular shaped pond, it looks it will pass 
the duration standard since the red data points are to the right of the blue line.  For example, 
at elevation 101.50, the irregular shaped pond volume is to the right (greater than) the 
prismatic pond volume.   

5. Next, the designer needs to enter the stage-volume table directly into MGSFlood to see if the 
irregular shaped pond meets the duration standard.  The designer also has the ability to 
determine if the irregular pond can be made smaller so long as it meets the duration standard.   

 
MGSFlood MODEL INPUT 
Begin a New Project for Work Session 8 

6. Open Work Session 7.  

7. Click File Save As, Enter “Work Session 8” for file name.  Save the project in the same folder 
used in the Work Session 7.  Respond “No” when prompted to create a new program directory. 

Project Location Tab 

8. Enter “Work Session 8 – Irregular Shaped Pond” for the project name, “Verify duration 
standard” for the analysis title, and “Use a stage-volume table for the irregular detention pond 
geometry” for the comments. 

Scenario Tab  

9. Open the Postdeveloped Scenario Screen.  Right click the New Structure Lnk2 (the detention 
pond) and select Edit.  Click the User Defined Elevation Volume Option Table button on the 
bottom of the Pond/Vault Geometry Tab to open the Elevation volume table. 
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10. Copy the elevation volume information for the irregularly shaped pond into MGSFlood.  Click 
OK to close the window and OK again to close the structure window. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note that the given information has the pond tract area increased to 10,700 sq. ft (0.246 acres).  
In the previous Work Session 7, the pond tract area was calculated to be 5,400 sq. ft (0.124 acres).  
We need to revise the pond tract areas in the Predeveloped and Postdeveloped subbasins. 
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11. On the Scenario Tab, enter 0.246 acres (10,700 sq. ft) for the pond tract area in the 
Predeveloped and Postdeveloped scenarios as shown below.  Click OK to close 

 

 

12.  Click the Simulate Tab and then the Route Button.  Click No on the Warning text box so that 
MGSFlood will only route and not optimize the pond.  This will confirm that the final design 
with the irregular pond shape meets the detention criteria. 
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Work Session 9 – Pipe Vault Design 
 
Detention Tanks (pipe vaults) consist of concrete or corrugated metal pipes buried horizontally and 
equipped with control structures at the outlet.  A spreadsheet (PondPipe.xls) has been developed 
to aid in the design of pipe vaults using MGSFlood.  Please note that these BMPs are Category I 
(http://www.wsdot.wa.gov/NR/rdonlyres/B415DAA4-2C2A-4CC8-93ED-D0CDB9A46560/0/HRMcategory1.pdf) and need 
additional approvals from the HQ and Region Hydraulics Offices and Regional Maintenance 
Superintendent before using on the WSDOT project.  The design procedure is outlined below. 
 

1. Use MGSFlood with the optimizer to size a hypothetical pond for the project. 
2. Enter the outlet works obtained from the optimizer on the spreadsheet PondHydraulics.xls 

and size the pipe to develop a vault with volume/discharge characteristics similar to that 
obtained from the optimizer. 

3. Copy the rating table from the spreadsheet to MGSFlood and route flows to determine the 
performance. 

 
Example 

 
A road project will convert 2 acres of till grass to impervious.  Due to right-of-way limitations, 
the project proponent wishes to use a buried horizontal pipe to detain the runoff.  Use 
MGSFlood and PondHydraulics.xls to design a pipe vault for the project.  Assume a 60” diameter 
pipe and use Extended Precipitation Timeseries 13, Puget E 40” MAP. 
 

1. Start MGSFlood, save the project “Work Session 9”. 
2. On the Scenario Tab, configure the predeveloped and Post developed scenarios as follows.  

Toggle Optimization on for the pond. 
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3. Open the link definition for the pond in the Postdeveloped condition and select the Optimize 

Tab. 
4. Enter the following information and Click OK. 

 
 
5. Click the Simulate Tab.  Using the 1 hour time step, click the Route button.  Click Yes on the 

Warning text box to optimize the detention pond design. 

60” Above bottom 

Vertical Side Slopes 
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6. A Warning text box will appear reporting one of the orifice structures is smaller than the 
minimum dimensions.  Take note of the orifice dimension and Click OK.   

7. The detention pond will return an optimized design but the designer needs to go back and edit 
the orifice sizes to meet constructibility and minimum dimensions. 

8. On the Scenario tab, click Edit on the New Structure Lnk2 (detention pond) on the 
Postdeveloped scenario.  On the Pond/Vault Geometry tab, change the detention pond length 
to 428 ft and width to 25 feet.   

 

 

1. On the Outlet Structure Tab, examine the orifice sizes for constructibility.  The bottom orifice 
was shown to be 0.674 inches.  Specify a bottom orifice diameter that has an associated drill bit 
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size.  See http://en.wikipedia.org/wiki/Drill_and_tap_size_chart.  On this chart, the nearest 
drill bit sizes are the 43/64 inch (0.67188) bit, and the 11/16 inch (0.68750) bit.  Select the 
43/64 inch size and enter 0.672 as the bottom orifice diameter.  Also, specify 0.25 inches for 
the rectangular orifice length.  This is the minimum length for the rectangular orifice.  Click OK 
to close.  Save the file. 

 

Simulate tab 

10. Route the design at a 1 hour time step. Click No in the Warning Text box so MGSFlood does not 
optimize and change the orifice sizes and pond dimensions.   
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11. The pond now satisfies the duration standard due to the changes in the orifice structure.     

12. Open PondPipe.xls.  Enter the pond volume at the riser crest elevation obtained from the 
optimizer.  Enter the pipe diameter and length so that the pipe volume approximates the 
volume obtained from the optimizer. 

 

Detention Pipe Volume Calculator 
    

Blue Indicates Data Entry Cells, the rest are calculated. 

    

    

    

Storage Volume Provided by Horizontal Pipe of Diameter d 

Pipe Diameter (d) 5.0 Ft 

Pipe Length 2,725 Ft 
Overflow 
Elevation: 105.00 Ft 

    

Pond Volume at Overflow (cu ft): 53505 

Target Volume from MGSFlood: 53500 
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13. Once the Pond Volume at Overflow is about equal to the Target Volume from MGSFlood, copy 
the entire blue table on the right hand side of the spreadsheet.  DON’T INCLUDE THE COLUMN 
HEADINGS! 
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14. On the New Structure Lnk2 (detention pond), click the Use Elevation Volume Table.  Then click 
the Open Pond Elevation Volume Input Screen. 

 
 

15. Paste the rating table from the spreadsheet to the Pond Elevation-Volume Table. 
 

 
 

16. Click OK to close the Pond Elevation-Volume table. 

17. From the Simulate Tab, Click Route.  Make sure the Optimize box is not checked. 
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18. Check the performance.  In this case, the performance was met and we’re finished.  If the 
performance had not been met, then a longer pipe would have been needed. 
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Work Session 10 – Filter Strip Design Example 
 
A new section of highway is to be constructed near the city of Des Moines.   Design two on-line 
filter strips for water quality treatment, one for each direction of travel.  Size a flow control pond 
downstream of the filter strips to the flow duration standard. 
 
Note:  Filter strips are sized for water quality treatment using the Water Quality design discharge 
rate from MGSFlood and design equations in Chapter 5-4 of the HRM.  Once the strips are designed, 
they can be included in the model to account for flow attenuation for detention sizing. 

 
Project Location Map 

The configuration consists of one 12-foot lane with an 8-foot shoulder in each direction. The 
project is in one TDA, which is 2,500 feet long.  Assume runoff sheet flows from the roadway to 
the filter strips.  At the bottom of the filter strips, runoff runs along the toe of slope to the cross 
culvert and drain into the detention pond.  Assume no other offsite areas drain to the pond except 
the roadway, filter strips, and pond tract.   
 
 
 
 
 
 
 
 
 
 
 
Predeveloped Condition      Developed 
(Assume Forested)     (Impervious and Till Grass)  

 

Target Forest=2.29 ac 

 

Total New Impervious  
Surface = 2.29 ac 

40 feet 

 

2500 ft  

 

Filter Strip, width x 

Filter Strip, width x 

Pond Tract 

0.25 ac 

  Cross Culvert 
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Design Steps: 
� Size Filter strip for one direction of travel.   
� Copy the filter strip link and connect them to route flows to the pond 
� Include the filter strip area in predeveloped land use 
� Size the pond, which will receive runoff from both directions of flow after passing through 

the filter strips. 
 
Start Program, Save Project File 

1. Start program from Windows Start button 
Start-Programs-MGS Software-MGSFlood 

2. Click File Save as, Enter “DesMoinesWQ1” for file name.  Create project folder when prompted 

Project Location Tab 

3. Enter project name, analysis title, and comments. 

4. Check the Extended Precipitation Timeseries Option Button 

5. Compute the mean annual precipitation using the calculator, 
Lat= 47.405 deg, Long=122.320  deg   =37.7” MAP 

6. Select Climate Region 12 Puget East 36 in MAP from the drop down list box. 

 
Determine the flow rate to the filter strip for sizing using the 2008 HRM 5-4.1.3 equations. 
 
Land Use  

7. Enter Pre- and postdeveloped area.   

Predeveloped: 

Forest:  = 1.148 ac   
For SCS Type C soil, use Till  
(Note:  We don’t know the size of the filter strip yet and we’ll need to account for it in the 
predeveloped condition once we compute its size.) 

 
Postdeveloped: 

Impervious: 1.148 ac 
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8. Configure the predeveloped and post developed Scenarios as shown below.  This first step we 
just want the water quality design discharge rate so we can size the filter strip. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9. Enter the land use for ½ of the roadway as shown below. 
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10.  Right click on the filter strip in the Postdeveloped scenario and select edit.  Make sure to 
uncheck the box called “Include Precipitation and Evaporation on Filter Strip”.  Note that the 
dimensions for the filter strip below do not influence the water quality design discharge that 
we are trying to calculate.   

 
Simulate Tab,  

11. Use the full period of record. Set the time step to 15-minutes.  Click the Route button to start 
the simulation.   

 

 
 
 
 
 

Uncheck 
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Scenario Tab,  

12. Right click the filter strip link on the Postdeveloped scenario and select “Link WQ Statistics” to 
determine the “on-line” design discharge rate for the filter strip.   

 
 
 
 
 
 
 
 
 
 
 
 

Upstream of Detention 
Facility, Off-Line 

Upstream of Detention 
Facility, On-Line 

 

13. Click the Compute Water Quality 15-minute Design Discharge for Link Inflow button.  On-line 
and off-line discharge rates will be reported on the screen and in the project report.  Our filter 
strip is on-line (no bypass structure) so we’ll use the on-line discharge rate for sizing the filter 
strip. 

On-Line Rate:  Qwq=0.148   Off-Line Rate: Qwq=0.080 cfs 

 
 

14.  Size Vegetated Filter Strip (Use the equations in the HRM 5-4.1.3) 

a. Apply Adjustment factor to design flow rate 
Filter Strip Design Rate:  Qvfs = kQwq 

     k = 1.41 (P6-month) – 0.052 

  6-Month, 24-Hour  Precipitation for project = 1.5 inches 
  k = 1.41 (1.5) – 0.052=2.06 

 
Qvfs=2.06*0.148= 0.305 cfs 

Q 

Pond 

Treatment 

Q 

Pond 

Treatment 

Splitter 

By-pass 
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b. Calculate the design flow depth at Qvfs. The design flow depth is calculated based on the 
length of the vegetated filter strip (same as the length of the pavement edge 
contributing runoff to the vegetated filter strip) and the lateral slope of the vegetated 
filter strip parallel to the direction of flow.  Design flow depth is calculated using a form 
of Manning’s Equation: 

 
where:  Qvfs = vegetated filter strip design flow rate (cfs) 

n = Manning’s roughness coefficient. Manning’s n can be adjusted by specifying soil 
and vegetation conditions at the project site, as specified in Table RT.02.1 

L = length of the vegetated filter strip parallel to the pavement edge (ft) 
s = slope of the vegetated filter strip parallel to the direction of flow (ft/ft).   

2%< s < 15% 
 

For this project, Qvfs= 0.305 cfs, s=10%, L=2500 feet, n=0.20 (fully compacted and 
hydroseeded) 

 
  y=((0.20*0.305)/(1.49*2500*0.10^.5))^3/5=0.00268 feet 
 

c. Calculate the design flow velocity passing through the vegetated filter strip at the 
vegetated filter strip design flow rate.  

 
where: VWQ = design flow velocity (ft/sec) 

y = design flow depth  
L= Length of filter strip. 
 
VWQ=0.305/(2500*0.00268)=0.045 ft/s 
 

d. Calculate the vegetated filter strip width.  The width of the vegetated filter strip is 
determined by the residence time of the flow through the vegetated filter strip.  A 9-
minute (540-second) residence time is used to calculate vegetated filter strip width: 

 

W = 540 VWQ  
 
where: W = vegetated filter strip width (ft) 

VWQ = design flow velocity 
A minimum width of 8 feet is recommended in order to ensure that the long-term 
effectiveness of the vegetated filter strip will occur. 

 
W=540*0.045= 24.6 feet  
 
Area of each filter strip:  24.6’*2500’= 1.410 ac. 

 
Go back and design a stormwater pond to mitigate runoff and include both upstream filter 
strips.  We’ll have to include the area occupied by the filter strips and detention pond. 
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Predeveloped Scenario 

15.  Modify the existing predeveloped scenario to the following information below: 

 

Note that the grassy embankment subbasins in the predeveloped scenario will not receive flow 
control.  They will be represented as “flow through” area and should be checked against the 50% 
Rule. 
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Postdeveloped Scenario 

16. Modify the postdeveloped scenario to the following information below: 
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Filter Strips 

Enter the size of the filter strip determined from the hand calculations.  We’ll include precipitation 
and evaporation on the filter strip so we don’t need to include the filter strip area in the land use 
defined in the subbasins.  Click OK.  Note that the filter strip areas in the postdeveloped condition 
will not receive flow control and will be considered as “flow through” areas.  They will be checked 
against the 50% Rule. 
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Now we need to create a filter strip for the south bound lanes.  Since the NB and SB filter strips 
are identical, we can copy the NB filter strip and use it for the SB side.  Click the Filter Strip Lnk1 
NB icon to select it.  Right click and then click copy.  Right click on a blank area of the window 
and click paste.  We now have a copy of the filter strip that we can use for the other travel lane 
(SB side). 

 

17. Select the pond and toggle Optimize On. 
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18. Edit the pond and select the Optimization Data Tab.  Enter the following information and click 
OK.  SAVE the project. 

 
 

Simulate Tab 

19. Route the design using 1 hour time steps.  Click Yes on the Warning text box to optimize the 
pond design.  Note that the area summary shows slightly different area in the predeveloped 
and postdeveloped conditions.  This is due to rounding.    

 

Results for Full Optimization are shown below. 
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20. The detention pond will return an optimized design but the designer needs to go back and 

check a few things including: 

• Are the orifices sizes constructible?   

• Does the designed pond footprint fit into the pond tract guessed at the beginning of 
this exercise?  It was initially guessed to be 0.900 acres. 

• Does the Flow Through Area exceed the 50% rule?  If so, the flow through area must 
be reduced to meet the 50% rule. 

• Overflow and emergency overflow designs need to be completed per the FC.03 BMP 
description in the Highway Runoff Manual.  This example problem will not cover these 
hand calculations.   

21. On the Scenario tab, click Edit on the New Structure Lnk2 (detention pond) on the 
Postdeveloped scenario.  On the Pond/Vault Geometry tab, change the detention pond length 
to 265 ft and width to 88 ft.  Set the maximum elevation to 104.00 ft to give the 1 foot of 
freeboard.    
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22. On the Outlet Structure Tab, examine the orifice sizes for constructibility.  The bottom orifice 
was shown to be 1.742 inches.  Specify a bottom orifice diameter that has an associated drill 
bit size.  See http://en.wikipedia.org/wiki/Drill_and_tap_size_chart.  Select 1.750 inches for 
the bottom orifice diameter.  Also, specify 0.800 inches for the rectangular orifice length.  
Click OK to close.  Save the file. 

 
 
 

Simulate tab 

23. Route the design at a 1 hour time step. Click No in the Warning Text box so MGSFlood does not 
optimize and change the orifice sizes and pond dimensions.   
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24. The pond satisfies the duration standard with the new changes to the orifice structure and 
increased pond size.     

25. Check to make sure the calculated pond area fits in the assumed pond tract area.  View the 
Project Report either from the File-Print menu, from the icon on the tool bar, or by opening 
the .rtf file with a word processor.   

 

The pond tract was guessed to be 39,204 square feet (0.900 acres).  The pond area at the 
riser crest is shown to be 29,998 square feet (0.689 acres).  The area at the maximum 
elevation is 32,368 square feet (0.743 acres).  The calculated pond fits into the guessed 
pond tract area.  Since this pond has flow through area, it has to be checked against the 50% 
rule.   

26. Determine the flow rate of the flow through area.  Since the flow through area does not 
change, the designer can look at either the predeveloped or postdeveloped scenarios to 
determine the 100-year flow rate of the flow through area.  In this example, the flow through 
areas are the grassy embankment subbasins in the predeveloped scenario.  The same areas are 
represented as filter strips in the postdeveloped scenario.  MGSFlood was configured to 
compute statistics and flows at all subbasins and nodes.  Examining the predeveloped 
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condition, the 100-year flow rate for the flow through area (NB and SB grassy embankment 
subbasins combined) is 0.710 cfs. 

 

 

27. Determine the undetained flow rate of the area receiving flow control.  This area consists of 
the roadway and the detention pond tract.  MGSFlood was configured to compute statistics and 
flows at all subbasins and nodes.  Examining the postdeveloped condition shows the flow rate 
for the roadway is 1.352 cfs and the pond tract is 0.530 cfs.  The total of these two flows is 
1.882 cfs.    
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50% Rule:  Existing Areas May be Discharged through the Detention Pond without flow control if:  
The 100-year peak flow rate from the existing areas (not subject to flow control) is less than 50% 
of the 100-year developed undetained peak flow rate of the areas subject to flow control. 
 
Another way to say this is: 
 
It’s OK to route “existing areas” through the detention pond without flow control applied to these 
existing areas if: 
 
100-year peak flow rate           < or =        50% of the 100-year undetained peak flow rate 
From the “Existing Areas”                        from Areas receiving flow control in the detention pond    
Not receiving flow control 
 

In this example, the 100-year peak flow rate from the existing flow through area = 0.710 cfs. 

50% of the 100-year undetained peak flow rate from areas receiving flow control in the detention 
pond = (1.352 + 0.530)/2 = 0.941 cfs. 

The flow through area does not exceed the 50% Rule so it is OK to allow the flow through area 
to pass through the detention pond without flow control.    

 

The pond design is almost complete.  The designer needs to review and complete the Overflow 
and emergency overflow designs in the FC.03 BMP description in the Highway Runoff Manual.  This 
example problem will not cover these hand calculations.   
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Work Session 11 – Import Land Use Data from GIS  
 
For projects with a large number of subbasins, it can be tedious and error prone to create each subbasin and 

enter the land use manually.  An alternative is to use the feature that imports land use from a comma delimited 

file that can be created with Excel (.CSV file).   

 

An Excel file was developed for creating the CSV files in the format needed for MGSFlood.  The Excel file is 

called GISSubbasinTemplate.xls and has the format shown below.  The number of subbasins to be imported is 

entered on the first line followed by the land use for each subbasin.  The soil type/land cover combination must 

be in the order shown and repeats for each subbasin.  The subbasin area is entered in acres. 

 

1. Open GISSubbasinTemplate.xls.  We’ll use the data that is already there.  Data from GIS can be 

exported to Excel and then reformatted to match the configuration shown below. 

 

 
 

2.  Save the Workbook as a .CSV file.  Click File, Save As and Select CSV Comma Delimited (*.csv) as the 

file type. 

 

3. Open MGSFlood.  Open the scenario that you want to import the subbasins to.  In this case, we’ll use 

the post-developed scenario.  Check the Import CSV File option and click OK. 
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4. Navigate to the GISSubbasinTemplate.csv file and click Open 

 

 
 

 

 

5. The subbasins will be automatically created with the land use from the CSV file. 
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No Subbasins 17

Subbasin Name Land Cover/Geology Acres

t01 Till Forest 2.779300928

t01 Till Pasture 0

t01 Till Grass 11.47703838

t01 Outwash Forest 0

t01 Outwash Pasture 0

t01 Outwash Grass 0.936030865

t01 Wetland/Saturated 0

t01 Impervious 1.037421465

t02 Till Forest 32.57407379

t02 Till Pasture 0

t02 Till Grass 31.46302986

t02 Outwash Forest 1.188028336

t02 Outwash Pasture 0

t02 Outwash Grass 0.333274901

t02 Wetland/Saturated 0

t02 Impervious 2.45826292

 
 

6. Open Subbasin T02 and compare the land use with the data from the Excel File.  They match! 

  


